A total of 72, 65-week-old broiler breeder hens (Ross 308, BW 4,190 ± 45 g) was placed in individual cages to investigate utilization of fiber in soy hulls (SH), oat hulls (OH), and flax meal (FM). Birds were adapted to cages for 10 d prior to allocation (n = 18) to broiler breeder ration (control) or control mixed with either of the 3 fiber sources (wt/wt) added to supply equal amounts of neutral detergent fiber (NDF) ∼21% and TiO 2 . The daily feed allocation was based on 4% BW. Feed intake (FI) was monitored daily, and grab excreta samples were taken on d 16 and 17. On d 18, all birds were weighed and killed 2 h post feeding to measure ceca digesta pH and short chain fatty acids (SCFA). Relative to the control birds, birds receiving fiber lost (P < 0.05) BW due to decreased (P < 0.05) FI. The BW changes were respectively +80, −174, −133, and −585 g/bird for control, SH, OH, and FM, and corresponding FI was 1,062, 918, 885, and 590 g/bird. Birds fed FM retained higher (P < 0.05) NDF than birds fed either SH or OH. The ceca digesta pH was lower (P < 0.05) in birds receiving added fiber relative to control. However, ceca digesta pH of FM fed birds was lower (P < 0.05) than in birds fed either SH or OH, which were in turn similar (P > 0.05). Birds fed FM had higher (P < 0.05) concentration of butyric acid than birds fed the control diets, while birds fed SH and OH had intermediate butyric acid concentration. Acetic acid and total SCFA concentrations were higher (P < 0.05) in birds fed OH diet than in birds fed control but was similar (P > 0.05) to that in birds fed either SH or FM. In conclusion, short term feeding of fibrous feed ingredients reduced BW linked to reduced FI. Fiber sources exhibited differences in utilization reflective of chemical characteristics.
INTRODUCTION
Selection programs for broiler chicken parent stock gives a lot of consideration to weight gain trait. However, the interaction between nutritional and reproductive traits is complex and continually changing with the introduction of new genetics (Hocking et al., 2002; van Krimpen and de Jong, 2014) . It is necessary to provide enough, but not excessive, nutrient intake for maximum egg production (Zuidhof et al., 2017) . In this context, to ensure health and reproductive performance, broiler breeders are feed restricted during rearing and breeding. A concern of this approach is the fact that birds are chronically hungry and suffer from frustration of feeding motivation, which has a negative effect on bird welfare (Hocking et al., 2002; van Krimpen and de Jong, 2014) .
Considerable research has focused on practical applied management strategies to reduce the negative effects of feed restriction while maintaining desired reproductive performance (van Krimpen and de Jong, 2014; Zuidhof et al., 2017) . For example, bulky diluents such as fiber have been demonstrated to reduce hunger and frustration and thus improve welfare of limit-fed broiler breeders (de Jong et al., 2005; Moradi et al., 2013) . However, besides the positive effects of dietary fiber addition on welfare aspects of broiler breeders, performance results are very variable. For example, (Zuidhof et al., 1995) reported improved nutrients utilization, flock uniformity, and higher egg and chick production in broiler breeder hens fed a diet diluted with 15% ground oat hulls compared to hens fed an undiluted diet. However, these benefits were not seen when oat hulls were increased to 30% (Zuidhof et al., 1995) . Nutrients digestibility decreased in broiler breeder pullets fed 12 and 23% diluted mixture of fiber sources including palm kernel meal, wheat bran, wheat gluten feed, and sunflower seed meal (Enting et al., 2007a) . Broiler breeders fed 11 or 21% diluted diets with a mixture of fiber sources (palm kernel meal, wheat bran, wheat gluten feed, sunflower seed meal, oats, and sugar beet pulp) during the laying period had a higher rate of lay and heavier eggs compared with hens fed undiluted diets (Enting et al., 2007b) . In a broiler breeder study investigating responses to fiber types, inclusion of inulin reduced yolk weight and increased fertility without affecting ovarian morphology, and cellulose reduced BW and feed intake and increased egg production (MohitiAsli et al., 2012) . The highlighted studies indicated that breeder responses to fiber inclusion depend on the source and level of dietary fiber as well as the characteristics of the diet and possibly physiological status and health of the bird (van Krimpen and de Jong, 2014) . The proposition for diluting breeder diets assumes fiber is inert, without consideration of fermentation, which could provide a substantial amount of maintenance energy. Poultry is capable of fermenting fiber to produce short chain fatty acids (SCFA) and thus contribute to energy supply (Kiarie et al., 2014; Kiarie et al., 2017) . On the basis of the digestibility of the non-starch polysaccharides (NSP) sugar residues and the formation of SCFA in the gut, it was estimated that young chickens, ducks, and geese could derive on 0.68, 0.76, and 0.65 kcal/g of NSP intake, respectively (Jamroz et al., 2001) . Young poultry could derive up to 3.5% maintenance energy from ceca fermentation (Jorgensen et al., 1996; Jamroz et al., 2001) . These values may be higher in broiler breeders because of much more developed ceca microbiota. However, information on fiber utilization in broiler breeders is largely unknown. The objective of the present study was to investigate utilization of fiber in soy hulls (SH), oat hulls (OH), and flax meal (FM) in adult broiler breeders at the end of laying cycle.
MATERIALS AND METHODS
The experimental protocol was reviewed and approved by the University of Guelph Animal Care Committee, and adult broiler breeders were cared for in ac- 
Experimental Diets
A complete commercial broiler breeder (layer II) corn and soybean meal diet prepared in crumble form (Floradale Feed Mill Ltd., Floradale, ON, Canada) was procured. The declared CP, crude fat, crude fiber, Ca, P, and Na were 15.5, 3.0, 3.5, 3.2, 0.66, and 0.17%, respectively. The concentration of vitamins A, D, and E were 11,000, 3,500, and 35 IU/kg, respectively. The commercial diet was ground through a hammer mill; a portion of it was designated as control and the rest mixed with fiber sources to create dietary treatments (Table 1 ). The ground commercial diet was mixed with each of the 3 fiber sources in such proportions that each fiber source supplied an equal amount of NDF ∼21%. This equated to inclusion of 40, 33, and 48% of SH, OH, and FM diets, respectively (Table 1 ). All diets were fed with 0.5% TiO 2 as the digestibility marker.
Birds and Experimental Procedures
A total of 72, 65-week-old broiler breeders (Ross 308, initial BW 4,90 ± 45 g) was placed in individual cages (26 wide, 18 deep, and 26 high) with raised wire floors in an environmentally regulated room. The birds were procured from a flock that had been placed at the Arkell Poultry Research station from d 0 of age for an independent research project. During this project, the birds were group housed (70 birds/pen for rearing and 40 birds/pen for laying) in floor pens with wood shavings. Birds were randomly selected for the present study to maintain as close body weight as possible. The birds were adapted to individual cages for 10 d on control ground commercial breeder ration prior to experimental diets allocation. The daily feed allocation was based on 4% BW during the acclimatization period.
At the start of the experiment, birds were weighed and allocated to diets in a completely randomized design to give 18 replicates per diet. The daily feed allocation was based on 4% BW. This level of feeding was maintained throughout the 7-day experimental period. Grab samples of excreta were taken on d 16 and 17. On d 18, birds were weighed and killed 2 h after feeding via cervical dislocation for cecal digesta samples. The pH of the ceca digesta was measured on undiluted fresh samples using an electronic pH meter (Accumet Basic, Fisher Scientific, Fairlawn, NJ) standardized with certified pH 4 and 7 buffer solutions (Kiarie et al., 2007) . Ceca digesta samples were subsequently frozen at −20
• C until required for analysis.
Sample Processing and Chemical Analysis
The excreta samples were thawed, pooled by cage, and subsequently freeze dried. Samples of the basal diet and freeze-dried excreta samples were finely ground. All samples were analyzed for DM, gross energy, NDF, acid detergent fiber (ADF), crude fat, and titanium. Dry matter determination was carried out according to standard procedures (AOAC International., 2005), method 930.15). Gross energy was determined in a bomb calorimeter (IKA-WERKE bomb calorimeter [C7000, GMBH & CO., Staufen, Germany]) using benzoic acid as a calibration standard. The NDF and ADF contents were determined according to (Van Soest et al., 1991) using an Ankom 200 Fiber Analyzer (Ankom Technology, Fairport, NY). Titanium content was measured on a UV spectrophotometer following the method of (Myers et al., 2004) . Crude fat content was determined using an ANKOM XT 20 Extractor (Ankom Technology, Fairport, NY).
The concentration of SCFA (citric, lactic, formic, acetic, propionic, and butyric) was assayed in thawed ceca digesta (Kiarie et al., 2014) . Briefly, approximately 0.1 g of the digesta sample was resuspended with 1 mL of 0.005 N H 2 SO 4 (1:10, wt/vol) in a microcentrifuge tube, tightly closed, and vortexed vigorously until the sample completely dissolved. The tubes were then centrifuged at 14,500 rpm for 15 min, and 400 μL of supernatant were transferred to the HPLC vial and topped with 400 μL of 0.005 N H 2 SO 4 buffer. The resulting digesta fluid was then assayed for SCFA using HPLC (Hewlett Packard 1100, made in Waldbronn, Germany) with Rezex ROA-Organic Acid LC column, 300 × 7.8 mm from Phenomenex and Refractive Index detector at 400C (Agilent 1260 Infinity RID from Agilent Technologies, made in Waldbronn, Germany) (De Baere et al., 2013) .
Calculations and Statistical Analysis
The apparent retention of components was calculated according to (Kiarie et al., 2014) . Data were analyzed using general linear model procedures of SAS (SAS Inst. Inc., Cary, NC). An α level of P ≤ 0.05 was used as the criterion for statistical significance.
RESULTS AND DISCUSSION
The analyzed fiber (NDF and ADF) contents of test diets are shown in Table 1 . Feed intake (FI) decreased (P < 0.05) with fiber inclusion (Table 2 ). Relative to the control birds, birds receiving fiber lost (P < 0.05) BW because of decreased (P < 0.05) FI. The BW changes were +80, −174, −133, and −585 g/bird, respectively, for control, SH, OH, and FM, and corresponding FI was 1062, 918, 885, and 590 g/bird. Dietary fiber components are known to negatively influence voluntary FI (VFI), nutrients utilization, health, and metabolic processes through a variety of variably characterized mechanisms related to gut physiology and a host of systemic responses . Feed composition in terms of nutrient content and nutrient balance is an important determinant of VFI in poultry. In general, when factors such as ingredient composition (e.g., NSP), health, and genotype are standardized, evidence suggests that chickens offered feed ad libitum will consume feed to meet their requirement of the first limiting nutrients, which in most cases are energy yielding nutrients (Newcombe and Summers, 1984) . As the dietary available energy content is reduced, chicken attempt to maintain energy intake by eating more feed, until VFI is limited by gastrointestinal capacity, transit time of digesta, and/or absorptive capacity Summers, 1984, 1985; Hetland and Svihus, 2001 ). In poultry, dietary fiber reduces the available energy and nutrients, and thus birds fed a fibrous diet will consume more of that diet to the extent allowed by the gastrointestinal capacity. The nutritional implications in the present study were such that the birds fed fibrous feedstuffs did not consume enough to meet requirements and thus BW declined. However, among fiber sources, FM fed birds showed greater FI depression. Studies in pigs and poultry showed that flaxseed can exert depressive effects on growth performance (Rodriguez et al., 2001; Kiarie et al., 2007; Ndou et al., 2017) . This has been attributed to the presence of various anti-nutritional factors in this oilseed, such as mucilage, linatine (a vitamin B6 antagonist), and cyanogenic glycosides (Bhatty, 1993) .
Adding fiber to a corn-soybean meal diet fed to broiler breeders reduced (P < 0.05) retention of DM, NDF, and ADF (Table 1) . Similarly, fiber inclusion reduced (P < 0.05) AME relative to the control; however, within fiber sources, FM fed birds had higher (P < 0.05) AME relative to birds fed either OH or SH, which were in turn similar (P > 0.05). The AME values for the control, SH, OH, and FM fed birds were 2,682, 1,529, 1,597, and 2,363 kcal/kg DM, respectively. Reduced nutrients and energy retention by fibrous feedstuff is a well-known phenomenon orchestrated by the negative effects of fiber on digestive processes . Retention of NDF was higher in birds fed FM (38%) than SH (15%) and OH (12%). This equated to more than 3 times more NDF retention in birds fed FM than in birds fed either SH or OH. High fermentation Table 2 . Body weight change, feed intake, components retention, and ceca microbial activity in broiler breeders fed fibrous feedstuffs over a 7-day period. of FM fiber was probably because of its solubility relative to OH and SH (Ndou et al., 2017) . Although not measured in the present study, soluble fiber may have slowed down passage rate of digesta in FM fed birds, resulting in extended microbial fermentation . Ceca digesta pH decreased (P < 0.05) with fiber inclusion, with FM resulting in the largest decrease in pH, and OH and SH having similar pH. The highest (P < 0.05) butyric concentration was observed in the ceca digesta of FM fed birds relative to the control, but was not different (P > 0.05) from that of birds fed SH and OH diets. Among the SCFA, butyric acid was produced in the greatest quantity with control, SH, OH, and FM fed birds showing concentrations of 711, 773, 802, and 826 μmol/L, respectively. Birds fed OH diets had higher (P < 0.05) acetic acid and total SCFA than control, but were similar (P > 0.05) to total SCFA concentration in ceca digesta of birds fed SH and FM. The total SCFA concentrations were 909, 1,017, 1,103, and 1,016 μmol/L for birds fed control, SH, OH, and FM, respectively. Flax fiber is more soluble and therefore more fermentable, and in our recent comparison of OH and FM fiber, we showed that FM had 4.5 times more soluble NSP and twice the water-holding capacity relative to OH (Ndou et al., 2017) . The observed lower pH in ceca digesta of birds fed FM was not reflected in total SCFA concentration. As noted by Kiarie et al (2007) , digesta pH is not well correlated with SCFA concentration. It has been suggested that digesta pH is dependent on the individual organic acid pK values, proportion of acids in the mix, and the buffering capacity of dietary nutrients such as protein (Dibner and Buttin, 2002) .
Application of fibrous feed ingredients in broiler breeder diets does not consider fermentability, which could provide substantial maintenance energy through absorbed volatile fatty acids in the ceca. Short term feeding of fiber decreased BW, due to influence on FI. However, it should be noted that diet composition is one of the major factors that can influence appetite and microbial activity in the gastrointestinal tract, mainly through the contents of anti-nutritional factors and the nature of the substrate available. Thus, to clearly delineate effects due to fiber from different sources, nutrients ought to be similar among the diets. However, this could not be achieved in the present study because differing fiber concentrations in test feedstuffs necessitated differing inclusions of control diets to achieve target fiber level. Moreover, each fiber source was unique in terms of energy and nutrients concentration. Nonetheless, the data showed that the ability of the broiler breeder hen to utilize the fiber is based on the chemical characteristics. Therefore, selection of fibrous feed ingredients for broiler breeder diets should consider impacts on FI and fermentability. Further long-term research is required to investigate effects on breeder reproductive performance, metabolism, and welfare.
